Introduction
============

Hepatocellular carcinoma (HCC) is one of the most common malignant tumors ([@b1-ol-0-0-3892]). In the USA, between 1992 and 2005, the overall incidence rate of the disease increased from 3.1 to 5.4 cases per 100,000 individuals ([@b2-ol-0-0-3892]). Furthermore, during the same period, the mortality rate of HCC increased from 3.3 to 4.0 mortalities per 100,000 individuals ([@b2-ol-0-0-3892]). However, as a result of advances in HCC treatment, the one-year survival rate of HCC following diagnosis increased from 25 to 47% between 1975 and 2005 in the USA ([@b2-ol-0-0-3892]). The typical features of HCC include yellow skin, abdominal bloating and bruising easily as a result of blood clotting abnormalities, as well as other non-specific symptoms, such as loss of appetite, unintentional weight loss, abdominal pain, nausea, vomiting and fatigue ([@b3-ol-0-0-3892]). At present, HCC is usually diagnosed by dynamic contrast-enhanced magnetic resonance imaging or computed tomography ([@b4-ol-0-0-3892]). High levels of α-fetoprotein (\~400 ng/µl) may also be a predictor of HCC in patients exhibiting liver lesions (1--2 cm in diameter) on imaging examination ([@b4-ol-0-0-3892]).

HCC develops as a result of cellular mutations, which lead to increased levels of cell replication. Ultimately, the increased replication rate results in cells avoiding apoptosis. Chronic hepatitis B and/or C infections may accelerate the progression of HCC by repeatedly activating the body\'s own immune system to attack liver cells ([@b5-ol-0-0-3892]).

The clinical prognosis of HCC is relatively poor as only \~10--20% of HCC lesions may be completely resected. If the cancerous tissue cannot be removed completely, the survival time of HCC patients is usually 3--6 months ([@b2-ol-0-0-3892]). The prognosis of HCC is poor as the majority of patients present at an advanced stage of disease and at present, medical expertise and facilities remain insufficient.

Recent studies proved that the activation of telomerase and its upregulated activity serve as an extremely pivotal step in the mechanism of HCC ([@b6-ol-0-0-3892]--[@b8-ol-0-0-3892]). The activity levels of telomerase mainly rely upon the expression level of human telomerase reverse transcriptase (hTERT). In HCC patients, the activation of telomerase and a high expression level of the hTERT subunit catalyzed by telomerase have been reported ([@b1-ol-0-0-3892],[@b9-ol-0-0-3892]--[@b11-ol-0-0-3892]). Furthermore, hTERT expression and telomerase activation has been identified in ≤90% of human malignant tumors, including gastric, brain and renal cancers ([@b12-ol-0-0-3892]). High hTERT expression has been found to correlate with advanced disease and unfavorable prognoses in various malignancies ([@b13-ol-0-0-3892]). However, opinions vary significantly on aspects such as the simultaneous detection of the hTERT protein and gene, its correlation with clinicopathological characteristics and whether hTERT is expressed in para-carcinoma and normal liver tissues. Consequently, the role of hTERT in the incidence of HCC should be further investigated. In the present study, immunohistochemical tests (streptavidin peroxidase method) and reverse transcription-polymerase chain reaction (RT-PCR) were employed to simultaneously detect the expression levels of hTERT protein and mRNA in HCC, corresponding para-carcinoma and normal liver tissues qualitatively and quantitatively, aiming to investigate their significance and effects in the incidence of HCC.

Subjects and methods
====================

### Study subjects

HCC tissues and corresponding para-carcinoma liver tissues were surgically collected from 78 patients with HCC who presented to Shandong Provincial Hospital (Jinan, Shandong, China). The HCC tissues were kept as fresh specimens and corresponding para-carcinoma liver tissues were embedded in paraffin for further analysis. The para-carcinoma liver tissues were collected from \>3 cm away from the tumor margin. Among the participants, 54 were male and 24 female, with a male:female ratio of 2.25:1. The age range was 27--78 years, with a mean age of 51 years. All patients were diagnosed with HCC by pathological examination, and did not undergo pre-operative radiotherapy or chemotherapy. The clinical and pathological data were complete. Normal liver tissues were collected from 12 patients; 8 samples from patients receiving liver surgery and 4 samples from those undergoing hepatic hemangioma excision, distant from the liver lesions. All samples were confirmed to be normal liver tissues by pathological methods and hepatitis B surface antigen (HBsAg) was negative in the serum. For the specimens used for mRNA detection, necrotic tissues and blood clots were immediately removed after surgery, and the tissues were frozen in liquid nitrogen (−80°C) within 30 min. The samples prepared for subsequent immunochemical tests were subject to formaldehyde fixation, dehydration, conventional paraffin embedding and sectioning to a thickness of 4 µm. The samples were finally diagnosed and graded by physicians from the Department of Pathology (Shandong Provincial Hospital). Ethical approval was obtained from the Medical Ethics Committee of Shandong Provincial Hospital Affiliated to Shandong University. In addition, written informed consent was obtained from all patients.

### Materials and reagents

Anti-hTERT rabbit polyclonal antibody S-P reagent kits (1:100 dilution) were purchased from Zymed Life Technologies (Carlsbad, CA, USA). The confirmed positive tissue sections were utilized as positive controls and the primary antibody was replaced by phosphate-buffered saline in the negative controls.

### Immunohistochemical tests

During the immunohistochemical test, 4-µm paraffin sections were dewaxed at 65°C and treated with 3% hydrogen peroxide for endogenous peroxidase inactivation for 5 min prior to microwave antigen retrieval. Supplementary primary antibody was added for overnight incubation at 4°C, followed by incubation with biotin-labeled secondary antibody at 37°C for 30 min and streptavidin-labeled horseradish peroxide enzyme at 37°C for 30 min. The cells were visualized with diaminobenzidine under a light microscope after the slides had been irrigated, double stained with hematoxylin and covered with a cover slip. Positive cells presented with yellow-brownish particles within cytoplasm. The sections were evaluated by two experienced physicians from the Department of Pathology, who were blinded to the study. Next, the sections were graded by a half-quantitative method: 0 points, \<25% positive target cells; 1 point, 25--50%; 2 points, 51--57%; and 3 points, \>75%. Color visualization was evaluated and graded by the presence of color or not and the following color scale: 0 points, no cellular staining; 1 point, light yellow-brownish; 2 points, yellow-brownish; and 3 points, brown. The final score was calculated from the sum of the two scores: A score of \<2 was deemed as (−), while a score of 2--3 was defined as (+), 4--5 as (++) and ≥6 as (+++).

### RT-PCR

#### Extraction of total RNA

The experimental procedures were conducted strictly according to the manufacturer\'s instructions. Briefly, total RNA was extracted from cells using an Invitrogen Trizol RNA extraction kit (Thermo Fisher Scientific, Inc., Waltham, MA, USA). A total of 1 ml Trizol was used for each sample. The first-strand cDNA was synthesized from 500 ng total RNA using an iScript cDNA synthesis kit (Bio-Rad Laboratories, Inc., Hercules, CA, USA). Quantitative PCR was performed using an icycler iQ™ system (Bio-Rad Laboratories, Inc.) and the TaqMan-iQ™Supermix kit (Bio-Rad Laboratories, Inc.). The conditions for RT-PCR are: denaturation at 94°C for 50 sec, annealing at 58°C for 45 sec and extension at 72°C, for a total of 30 cycles.

#### cDNA synthesis

The total volume of the reaction system was 25 µl, supplemented with 5 µl 5X RT buffer, 5 µl dNTP, 0.5 µl RNA template, 5 µl random primer \[oligo(dT)\], 1 µl reverse transcriptase M-MLV, 0.5 µl RNAase inhibitor RNasin and 10.5 µl water free from RNase. Denaturation was performed at 42°C for 60 min and annealing at 95°C for 5 min.

#### PCR amplification and quantitative analysis

The primers for hTERT and internal standard GAPDH were designed as follows using Genefisher software (Bielefeld University, Bielefeld, Germany): hTERT forward, 5′-TTTCTGGAGCTGCTTGGGAA-3′ and reverse, 5′-GAAGAGCCTGAGCAGCTCGA-3′ (44-bp product); and GAPDH forward, 5′-TCCTCTGACTTCAACAGCGACACC-3′ and reverse, 5′-TCTCTCTTCCTCTTGTCGTCTTGG-3′ (286-bp product). With regard to the amplification system, 5.0 µl 10X PCR buffer, 4.0 µl MgO, 2 µl dNTP, 2 µl cDNA, 1 µl of each primer (1 mmol/l) and 2 µl Taq DNA polymerase were used and adjusted to 50 µl by adding double distilled water. For the amplification conditions, hTERT was subjected to denaturation at 94°C for 50 sec, annealing at 58°C for 45 sec and extension at 72°C, for a total of 30 cycles. GAPDH underwent denaturation at 94°C for 30 sec, annealing at 56°C for 30 sec and extension at 72°C, for 26 cycles in total. The PCR amplification products were subjected to electrophoresis on 1.5% agarose gels and then images were captured by utilizing the GDS8000 Gel Documentation System (UVP Inc., Upland, CA, USA).

#### Statistical analysis

The data were analyzed using SPSS 17.0 statistical software (SPSS, Inc., Chicago, IL, USA) and employed χ^2^ tests and t-tests. P\<0.05 was considered to indicate a statistically significant difference.

Results
=======

### Expression of hTERT protein in HCC and para-carcinoma tissues

Positive expression of hTERT protein was mainly observed within the cytoplasm, displayed as yellow-brownish particles or lamellae staining in the cytoplasm, but was occasionally also observed in the nucleus. The positive cells were distributed in a diffuse or dispersed pattern. Positive hTERT protein expression was observed in 66 out of the 78 HCC tissues (positive rate, 84.62%; [Fig. 1](#f1-ol-0-0-3892){ref-type="fig"}) and in 8 out of the 78 para-carcinoma tissues (positive rate, 10.26%). The positive rates significantly differed between the two groups (P\<0.01), as illustrated in [Table I](#tI-ol-0-0-3892){ref-type="table"}. Among the 78 HCC samples, 36 were graded as (+++), 20 as (++), 10 as (+) and 12 as (−). For the 78 corresponding para-carcinoma tissues, positive signals were observed in the atypical proliferative liver cells of 8 samples ([Fig. 2](#f2-ol-0-0-3892){ref-type="fig"}), 1 of which showed weak positive expression (+) and 2 of which exhibited weak or moderate expression (++) in the hepatic portal area or few mononuclear cells among fibrous tissues. No positive expression was observed in the 12 normal liver samples and the negative controls.

### Expression of hTERT mRNA in HCC and para-carcinoma tissues

As shown in [Fig. 1](#f1-ol-0-0-3892){ref-type="fig"}, the positive rate of hTERT mRNA expression was 78.21% (61/78) in the HCC tissues and 8.97% (7/78) in the para-carcinoma tissues. Statistical significance was observed between the HCC and para-carcinoma tissues regarding the positive rate of hTERT mRNA expression (P\<0.01). No hTERT mRNA expression was detected in the normal hepatic tissues.

### Association between hTERT gene expression and the clinicopathological characteristics of HCC

All patients were grouped according to gender, age, size of primary tumor, degree of differentiation, the presence of portal venous tumor thrombosis, serum α-fetoprotein (AFP) level and the presence of HBsAg. The expression levels of hTERT mRNA were qualitatively and quantitatively compared. As illustrated in [Table II](#tII-ol-0-0-3892){ref-type="table"}, and [Fig. 3](#f3-ol-0-0-3892){ref-type="fig"}, positive hTERT protein expression at the translational level and the relative value of hTERT mRNA expression at the transcriptional level were not correlated with age, gender or tumor size (P\>0.05). The expression level of HCC samples of Edmondson grades I and II ([@b14-ol-0-0-3892]) were significantly higher compared with those of Edmondson grades III and IV (P\<0.05), which were associated with the presence of portal venous tumor thrombosis (P\<0.05), the level of serum AFP (P\<0.05) and the presence of HBsAg (P\<0.01).

Discussion
==========

Similar to other malignant tumors, HCC possesses the vital biological characteristic of cell immortality, which is acquired mainly from the activation and upregulation of telomerase. hTERT is a pivotal protein component involved in the regulation of telomerase. hTERT gene expression complies with the expression of telomerase activity, which is of great significance for maintaining the length of chromosome telomeres, preserving unlimited cell reproduction and proliferation ([@b15-ol-0-0-3892]--[@b18-ol-0-0-3892]). The present study simultaneously detected the expression levels of the hTERT gene in HCC, para-carcinoma and normal liver tissues from quantitative, qualitative and localization perspectives. In particular, the association between hTERT gene expression and the clinicopathological parameters of HCC tissues were analyzed, which provided a solid foundation to assess the effect of hTERT in the incidence and development of HCC. To properly prevent the incidence of RNA degradation during sample collection and the experimental procedures, and to minimize the errors resulting from tissue weight differences and operational errors, the Ct ratio between hTERT and GAPDG mRNA reverse transcription amplification products with stable expression was utilized to evaluate the expression level of hTERT.

Compared with the 62 para-carcinoma tissue samples, the expression levels of the hTERT gene in the HCC tissues was significantly enhanced at the translational and transcriptional levels (both P\<0.01), indicating the high positive expression of the hTERT gene in HCC tissues. The positive expression rates of hTERT protein and mRNA were 84.62 and 78.21% in the HCC tissues, which was consistent with the rates of 87.68 and 84.02% reported by Toshikuni *et al* ([@b19-ol-0-0-3892]), indicating that the high expression of the hTERT gene may be essential in the incidence and progression of HCC.

The findings in the present study further confirm that hTERT gene expression is not correlated with patient age, gender or tumor size (P\<0.05), whereas positive expression is gradually enhanced with the decreased differentiation degree of HCC, with statistical significance (P\<0.05), which is consistent with the fidnings of previous studies ([@b1-ol-0-0-3892],[@b9-ol-0-0-3892],[@b10-ol-0-0-3892]). The quantitative analysis of hTERT activity revealed that the expression level of HCC of Edmondson grades III and IV was 1.54±0.012, which was significantly higher compared with the value of 1.501±0.027 for Edmondson grades I and II (P\<0.05), suggesting that hTERT gene expression is correlated with the differentiation of HCC. The expression level of hTERT mRNA was 1.75±0.26 in the patients with portal venous tumor thrombosis, with a significant difference (P\<0.05), indicating that the hTERT gene is probably associated with the invasion and metastasis of HCC.

Additionally, when using an AFP level of 400 µg/l as a standard, the expression of the hTERT gene in the HCC tissues positive for AFP was significantly higher than that in those negative for AFP (P\<0.05). The expression level of hTERT mRNA in the HCC patients with HBV infection (presence of HBsAg) was 1.579±0.025, which was significantly higher than the level of 0.501±0.017 in the HBsAg-negative HCC group (P\<0.01). These outcomes indicate that certain effective components corresponding to HBV interact with hTERT mRNA, and the potential role of these two factors in the incidence of HCC and the underlying regulatory mechanism will be the focus of our future investigations.

Taken together, the present results showed that the activation and expression of hTERT was closely correlated with HCC, with an extremely vital role in the incidence and progress of HCC and the invasion and metastasis of tumors. hTERT is a promising evaluation marker for the diagnosis, malignant progress and prognosis of HCC, serving as an ideal target for the gene therapy of the cancer.
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###### 

Expression of hTERT protein and mRNA in hepatocellular carcinoma and para-carcinoma tissues.

  Specimen                 n    hTERT protein expression, n (positive rate)   χ^2^    P-value   hTERT mRNA expression, n (positive rate)   χ^2^    P-value
  ------------------------ ---- --------------------------------------------- ------- --------- ------------------------------------------ ------- ---------
  Liver cancer tissues     78   66 (84.62)                                    76.74   \<0.01    61 (78.21)                                 74.21   \<0.01
  Para-carcinoma tissues   78     8 (10.26)                                                     7 (8.97)                                           

hTERT, human telomerase reverse transcriptase.

###### 

Association between clinicopathological characteristics and hTERT protein and mRNA expression in hepatocellular carcinoma tissues.

  Pathological indices         Number of cases   Positive expression rate of hTERT protein (%)        Expression level of hTERT mRNA (mean ± SD)                 P-value   
  ---------------------------- ----------------- ---------------------------------------------------- ---------------------------------------------------------- --------- --
  Gender                                                                                                                                                         \>0.05    
    Male                       54                88.71                                                1.551±0.020                                                          
    Female                     24                88.69                                                1.539±0.016                                                          
  Age, years                                                                                                                                                     \>0.05    
    ≤50                        31                86.36                                                1.38±0.013                                                           
    \>50                       47                85.71                                                1.575±0.020                                                          
  Tumor size, cm                                                                                                                                                 \>0.05    
    \<5                        19                80.07                                                1.534±0.027                                                          
    ≥5                         59                82.04                                                1.571±0.021                                                          
  Edmondson classification                                                                                                                                       \<0.05    
    I--II                      33                76.04^[a](#tfn2-ol-0-0-3892){ref-type="table-fn"}^   1.501±0.027^[a](#tfn2-ol-0-0-3892){ref-type="table-fn"}^             
    III--IV                    45                96.01                                                1.564±0.012                                                          
  Degree of differentiation                                                                                                                                      \<0.05    
    Good                       26                78.05^[a](#tfn2-ol-0-0-3892){ref-type="table-fn"}^   1.531±0.012^[a](#tfn2-ol-0-0-3892){ref-type="table-fn"}^             
    Poor                       52                95.96                                                1.595±0.025                                                          
  Portal vein tumor thrombus                                                                                                                                     \<0.05    
    Yes                        30                77.78^[a](#tfn2-ol-0-0-3892){ref-type="table-fn"}^   1.573±0.016^[a](#tfn2-ol-0-0-3892){ref-type="table-fn"}^             
    No                         48                95.99                                                1.504±0.026                                                          
  AFP, µg/l                                                                                                                                                      \<0.05    
    \<400                      25                72.22^[a](#tfn2-ol-0-0-3892){ref-type="table-fn"}^   1.537±0.013^[a](#tfn2-ol-0-0-3892){ref-type="table-fn"}^             
    \>400                      53                93.18                                                1.574 ±0.024                                                         
  HbsAg                                                                                                                                                          \<0.01    
    Negative                   20                61.54^[b](#tfn3-ol-0-0-3892){ref-type="table-fn"}^   1.501±0.017^[b](#tfn3-ol-0-0-3892){ref-type="table-fn"}^             
    Positive                   58                97.96                                                1.579±0.025                                                          

P\<0.05 and

P\<0.01, comparison between two groups using the same pathological parameters. hTERT, human telomerase reverse transcriptase; SD, standard deviation; AFP, α-fetoprotein; HBsAg, hepatitis B surface antigen.
